The relationship of gamma-1A globulin
and reagin in cord sera

Mathea Allansmith, M.D., and Donald N. Buell, B.A., Stanford, Calif.

Recent reports’® have suggested that reaginic antibody is a gamma-1A
(beta-2A) globulin. Reagin does not cross the placenta according to the report
of Sherman* who examined the sera of 12 atopic mothers and the cord sera of
their infants. Gamma-1A also does not eross the placenta and is first seen in
the serum of the newborn at 3 to 4 weeks of age.” ¢ The exelusion of both re-
aginic activity and gamma-1A globulin (determined in separate studies) from
the fetal circulation when so few other serum factors are lacking constitutes a
strong presumption that reagin is a gamma-1A globulin. This study was per-
formed to obtain faetual evidence for this presumption. The maternal-cord
relationship of gamma-1A globulin was studied in a group of atopic and of non-
atopic mothers, In addition, the occurrence in cord serum of the other two
antibody globulins, gamma-2 and gamma-1M was examined.

MATERIALS AND METHODS
Sera

Eighty-four paired maternal and cord sera were obtained over a 3-year
period from mothers on the obstetric service of the Palo Alto-Stanford Hos-
pital. Twenty-six mothers gave a positive wheal-and-flare response to an intra-
dermal injection of 0.025 ml. of a 1:1,000 by weight dilution of mixed grass
pollen antigen and were designated as atopic. The 58 showing no response were
placed in the normal category. Maternal blood was drawn from two months
ante partum to three days post partum; most samples were taken post partum.
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Cord blood was obtained following delivery of the placenta and a sample was
obtained from one baby on the eighth postnatal day also. A few of the cord
samples were refrigerated for one to four davs before centrifugation; other-
wise all sera were removed within 24 hours and stored frozen. The 26 atopic
and 13 of the normal sera had been previously thawed and refrozen.

Immunoelectrophoresis

The method of Hirschfeld” was used. Slides were prepared using 1 per cent
Noble agar in Spineo B-2 veronal buffer, pH 8.6. (Groups of six slides were run
at 150 volts for 120 minutes.

Antisera

Commercial goat anti-whole human serum (WHS), goat anti-gamma-1A
myeloma protein, and goat anti-gamma-1M globulin sera were obtained from
Hyland Laboratories, Los Angeles, Calif. Rabbit anti-human gamma-2 globulin
was ohtained from Antibodies Incorporated, Davis, Calif. The anti-gamma-2,
gamma-1A and gamma-1M sera were found by immunoelectrophoresis to de-
velop single strong specific precipitin lines with whole human serum. The anti-
gamma-2 detected this globulin in a 1:500 dilution of normal human serum;
the anti-gamma-1M detected its antigen in a 1:32 dilution, and the anti-
gamma-1A detected its globulin in a 1:64 dilution.

Thirty-five mother-cord serum pairs were compared by immunoelectrophore-
sis developed with anti-gamma-1A globulin. An additional 49 pairs (including
some of the atopic sera) were compared with the use of a mixture of gamma-1A
and gamma-1M antisera. Identities of the observed precipitin lines were con-
firmed by comparison with those found with goat anti-WHS.

Five atopic maternal-cord pairs and four normal maternal-cord pairs were
examined by a single diffusion in plates of the various antibodies ineorporated
in agar* (Fig. 2). Serum, 0.004 ml., was placed in a well made with a 13 gauge
needle from which the bevel had been removed. Antibody in the agar combines
with its speeific serum component to form a precipitin ring the size and density
of which depend upon the quantity of antigen present. The least amount of
antigen detectable by the antiserum in the agar was 10 mg. per 100 ml. for the
anti-gamma-2 and anti-gamma-1M plates, and 15 mg. per 100 ml. for the anti-
gamma-1A plates.

Prausnitz-Kiistner tests

Standard P-K tests®> * were performed on all atopie and normal maternal
and cord sera using mixed grass pollen antigens 1:1,000. The recipients for
these tests were nonatopie young male adults.

RESULTS

Immunoelectrophoretic observations are summarized in Table I, and the
total results of these and single diffusion antibody plate data are summarized
in Table II.

*¢Immunoplates” from Hyland Laboratories, Los Angeles, Calif,
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Table 1. Immunoelectrophoretic demonstration of immunoglobulins in maternal
and cord sera

’ Ve J Y14 ] Vi

Atopic

Mother 2/2% 26/26 2/2

Cord 2/2 1/26 1t/2
Normal

Mother 4/4 58/58 47/47

Cord 4/4 1/58 47/47
Total

Mother 6/6 84/84 49/49

Cord 6/6 2/84 48/49

*Numerator, number positive.
Denominator, number examined.

{Immunoelectrophoretic pattern inadvertently discarded at 24 hours. Same serum positive
in v, antibody plate. See Fig, 2.

Table . Total 1mmunoglobulin findings in maternal and cord sera
(immunoelectrophoretic and single diffusion data)

' Ve ' Y14 l Viu
Mother 15/15* 84/84 49/49
Cord 15/15 2/84 49/49

*Numerator, number positive.
Denominator, number examined.

Table 1l. P-K Tests with maternal and cord sera

Presence of

Number Positive P-K ¥.4-globulin
Atopic
Mother 26 13 26
Cord 26 1* 1*
Normal
Mother 58 0 58
Cord 58 0 1

*Same serum.

Gamma-2

In six instances where anti-WHS serum was used to develop maternal and
cord immunoelectrophoretic patterns, gamma-2 globulin precipitin lines were
found. The plates with rabbit anti-gamma-2 incorporated into the agar also
showed approximately equal amounts of gamma-2 globulin in maternal and
cord sera (Fig. 2, gamma-2) as judged by the diameter and intensity of pre-
cipitin rings produced.

Gamma-1M

All 49 maternal sera examined, including those from atopie mothers, showed
strong gamma-1M precipitin lines. Gamma-1M was also detectable in cord sera,
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Fig. 1

Immunoelectrophoretic identification of v,,- and ypeglobulins in maternal (M) and cord
(C) sera, (G — WHS — goat anti-whole human serum. G —> 7v,,, v,y = mixture of goat
anti y,s-globulin and goat anti y,-globulin.) e, Typical pattern. Note absence of y,4 and
presence of faint ¥,y line in cord serum. b, One of two instances where strong vy, and yu
lines appeared in cord serum. ¢, Maternal serum from (a) developed to show identity of v,,
and v,y preeipitin lines. d, Cord serum from fa) developed as /¢) confirming identity of
7 in cord serum.

but the lines were usually much fainter than those of maternal sera (Fig. 1, a).
The faintest lines required 24 to 48 hours to become visible, but others were
readily seen at 24 hours. Gamma-1M globulin was found in 48 of 49 cord sera
examined by immunoelectrophoresis. The one exeeption, in the atopic group,
was inadvertently discarded after 24 hours and thus not observed for a late-
appearing faint preeipitin line. This cord serum did contain gamma-1M globu-
lin as shown by its preeipitation with goat anti-gamma-1M in the agar diffusion
plate (Fig. 2, yiu).

Gamma-1A

All 84 maternal sera examined for gamma-1A globulin showed heavy pre-
cipitin lines with no differences noted between the normal and atopic groups.
However, only two of 84 cord sera showed gamma-1A precipitin lines by these
methods (Figs. 1, @, 1, b) (Fig. 2, y,4). It is interesting that these two cord
sera also showed strong gamma-1M precipitin lines. Fortunately, the mother



Volume 35 Relationship of y.s-globulin and reagin in cord sera 343
Number ¢

in one of these instances was atopic and showed a 1:100 P-K titer to mixed
grass, The corresponding cord serum showed a 1:10 P-K titer (Table ITT). This
baby was negative to direet intradermal test at 30 hours after delivery. The
mother’s serum produced a positive P-K response in her baby at that time,
indicating the capacity of its skin to respond to the appropriate reagin-antigen
complex. The possibility that the infant himself made the reagin and gamma-1A
globulin is unlikely since serum obtained from this infant at 8 days showed no
P-K activity and no gamma-1A globulin. The gamma-1M preeipitin line was
fainter in the 8 day serum than in the cord sample.

The results of P-K testing of maternal and cord sera are given in Table IIT.
The sera from 13 of the mothers gave positive tests to mixed grass, although all
26 had spring hay fever. As noted above, one cord serum gave a positive P-K
test.

None of the 116 sera from the 58 normal mother-cord pairs showed a posi-
tive P-K test, as expected.

Immunoglobuling in Maternal and Cord Sera
M C M C ) C

Fig. 2

Nine maternal (M) and cord (C) sera compared in plates in which antibody has been in-
corporated into the agar. Gamma-2 contains rabbit anti-y, 7¥;x contains goat anti-y,
Y1a contains goat anti-y,. Maternal and cord sera were placed in adjacent wells. Each pair
ocfclupies the same position in all 3 plates. The halo associated with the cup itself is light
reflection.

DISCUSSION

In 84 instances in which maternal-cord serum pairs were examined for the
various immunoglobulins, both gamma-2 and gamma-1M were found in corre-
sponding samples in all cases studied (15 pairs for gamma-2; 49 pairs for
gamma-1M). In contrast, while gamma-1A appeared in all mothers’ sera (84), it
was found in only two of the 84 cord samples. In these two exceptions, both
gamma-1A and gamma-1M globulins were present in relatively large amounts
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as indicated by strong precipitin lines. Tt seems likely that this resulted from
admixture of maternal blood near the time of delivery of the placenta. In one
of these instances the labor was deseribed as very prolonged and unusually
painful. This mother was atopie, with a P-K titer of 1:100. The cord blood titer
was 1:10, suggesting that a tenfold dilution of maternal in eord blood oc-
curred. A direct intradermal test at 30 hours was negative in this baby, indi-
cating that the amount of maternal reagin passing into the baby was insufficient
to sensitize it. Sinee the mother’s serum gave a positive P-K in this baby at the
same time, the skin was capable of responding. The ability of newborn skin to
react in a P-K test was not peculiar to this infant, since four other neonates
gave positive P-K responses to sensitization with their mothers’ sera as well
as samples from other atopic subjeets, and negative responses to normal serum.
Two babies of normal mothers gave the same P-K responses as did babies of
atopic mothers.

At eight days, serum from the infant whose cord blood had contained reagin
showed absence of this and of gamma-1A globulin. The intensity of the gam-
ma-1M line in the eight-day sample was reduced from that in the cord. The
gamma-1M globulin was probably present in the fetal serum in the usual small
amount with an aliquot of maternal blood containing gamma-1A and additional
gamma-1M entering the cord only at or near the time of placental expulsion.
The amount of reagin reaching and being distributed throughout the baby was
insufficient to give a positive direet skin test in him.

It is noteworthy that in the atopic group the one instanee of P-K activity
seen in cord serum was associated with the only case in which gamma-1A globu-
lin was also present. The sera of 12 other atopic mothers were positive in P-K
tests, but the cord blood of their infants showed neither a positive test nor
gamma-1A globulin. This correlation strongly suggests that gamma-1A globulin
is the carrier of allergic skin-sensitizing antibody aectivity.

In this study, as in another,® gamma-1M was consistently demonstrated in
cord sera (49 of 49) though in amounts much less than in corresponding ma-
ternal sera. This is not evidence of passage from the mother to the fetus, for
neonates and prematures are capable of producing macroglobulin antibodies,*®
and Mellors and associates!’ have recently identified gamma-1M globulin in
the thymus cells of premature twins born at 30 weeks of gestation. The fetus
thus appears capable of producing the trace levels of gamma-1M globulin found
in the cord. The alternative explanation of partial placental transmission of
maternal gamma-1M seems less likely as cord serum does not show gamma-1M
antibody (macroglobulin isoagglutinins) activity even at 1/10 to 1/20 the ma-
ternal titer.*?

The macroglobulin gamma-1M was originally thought to be absent from
cord serum. This finding along with the absence of reagin in cord serum sug-
gested that the two activities were associated.® The error of this conclusion has
been shown by a number of studies which have separated them, including ana-
Iytical ultracentrifugation,'® preparatory gradient ultracentrifugation,** Sepha-
dex G-200 column chromatography,? selective P-K inhibition,* and selective
globulin precipitation.?2 These studies show that though neither gamma-1M
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globulin antibody activity nor reagin passes through the placenta reagin is not
associated with gamma-1M globulin.

SUMMARY

1. Gamma-1A globulin and P-K activity were absent in 25 of 26 cord sera
of babies born to atopic mothers. In the one exception, both appeared in the
cord serum and were absent on rebleeding the infant at eight days. The 26
mothers were skin-test positive to mixed grass and had spring hay fever, 13
had positive P-K tests including the mother of the infant with cord serum
reagin, and all had gamma-1A in their blood. Gamma-1A globulin was present
in all of 58 sera from normal mothers and was present in 1/58 of the respective
cord sera giving an over-all incidence for the presence of gamma-1A in the
cord of 2/84. All normal maternal and cord sera were devoid of P-K activity.

2. Gamma-1M globulin was detected in all of 49 maternal-cord serum pairs
(part of the atopic group included). The cord gamma-1M concentration ap-
peared to be in 1/10 to 1/20 that of the maternal level.

3. Gamma-2 globulin was detected in 15/15 pairs and appeared to be pres-
ent in approximately equal eoncentrations in maternal and cord sera.
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